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8VXDOO\ WKHPDQXIDFWXUHUVDUHPRQLWRULQJ WKH VWLIIQHVV WRPDVV UDWLR7KLV VSHFLILF VWLIIQHVV LVGHILQHGDV VWDWLF
VWLIIQHVVGLYLGHGE\WKHZHLJKWRUPDVVRIWKHFRPSRQHQW7KHKLJKHUWKLVYDOXHWKHPRUHHIILFLHQWLVWKHXVHRIWKH
PDWHULDO ZLWKLQ WKH FRPSRQHQW 7KH WRUVLRQDO FRPSOLDQFH RI WKH VWUXFWXUH LV XVXDOO\ WKH PDLQ FRQWULEXWRU WR WKH
GLVSODFHPHQWVLQWKHFXWWLQJ]RQH/DUJHDPRXQWRIPDVVLVXVXDOO\QHFHVVDU\IRUJRRGWRUVLRQDOVWLIIQHVVW\SLFDOO\
DVVRFLDWHG ZLWK KLJK SUHFLVLRQ PDFKLQH WRRO >@ 7KH SUREOHP EHFRPHV ZKHQ D JRRG G\QDPLF SURSHUW\ RI WKH
PDFKLQH LV QHFHVVDU\ >@ +HDY\ PRYLQJ FRPSRQHQWV FRQVXPH JUHDW HQHUJ\ H[SHQVLYH ELJJHU FDUULDJHV OHDG
VFUHZVVHUYRPRWRUVDQGSRZHUIXOFRPPDQGGULYHUV>@
'\QDPLF 6WLIIQHVV DQG 'DPSLQJ '\QDPLF VWLIIQHVV LV GLUHFWO\ UHODWHG WR WKH GDPSLQJ FKDUDFWHULVWLFV RI WKH
PDWHULDODQGLVSURSRUWLRQDOWRWKHVWDWLFVWLIIQHVV>@7KHG\QDPLFVWLIIQHVVLVUHVSRQVLEOHLQHYDOXDWLQJWKHVWUXFWXUH
>@
7KHVWDWLF6WLIIQHVVRIWKHFRPSRQHQWVLVXVXDOO\GRQHE\DSSO\LQJORDGVLQGLIIHUHQWGLUHFWLRQV7KHULJLGLW\RIWKH
VWUXFWXUHLVUHSUHVHQWHGE\WKHEHQGLQJVWLIIQHVVLQWZRSODQHVDQGWKHWRUVLRQDOVWLIIQHVV>@,QPRVWFDVHVWKHPDLQ
VWUXFWXUDOFRPSRQHQWVDUHKHDY\ ODUJHKDUG WRPDQLSXODWH WKHIRUFHVXVHG LQ WKH WHVWLQJDUHJUHDWDQG WKH WHVWLQJ
HTXLSPHQWH[SHQVLYH,WLVQHFHVVDU\WRXVHFKHDSHUEXWHIILFLHQWPHWKRGWRREWDLQWKHVDPHUHVXOWV
7KH PRGHUQ PHWKRG IRU WHVWLQJ ULJLGLW\ LV EDVHG RQ SHUIHFW XQLWDU\ LPSXOVH PHWKRG ZKHUH D G\QDPRPHWULF
KDPPHU LQGXFHV D VWLPXOXV >@ FRPSRVHG WKHRUHWLFDOO\ RI DOO IUHTXHQFLHV WR WKH SDUW DQG DFFHOHURPHWHU VHQVRU
UHFRUGV WKHDPRXQWRIYLEUDWLRQV$QLGHDO LPSDFW WRDVWUXFWXUHKDVDQ LQILQLWHO\VPDOOGXUDWLRQFDXVLQJFRQVWDQW
DPSOLWXGHLQWKHIUHTXHQF\GRPDLQWKLVZRXOGUHVXOWLQDOOPRGHVRIYLEUDWLRQEHLQJH[FLWHGZLWKHTXDOHQHUJ\>@
7KHLPSDFWKDPPHUWHVWLVGHVLJQHGWRLQGXFHWKLV
,QUHDOLW\DKDPPHUVWULNHFDQQRWODVWIRUDQLQILQLWHO\VPDOOGXUDWLRQEXWKDVDNQRZQFRQWDFWWLPH7KHGXUDWLRQ
RI WKH FRQWDFW WLPH GLUHFWO\ LQIOXHQFHV WKH IUHTXHQF\ FRQWHQW RI WKH IRUFH ZLWK D ODUJHU FRQWDFW WLPH FDXVLQJ D
VPDOOHUUDQJHRIEDQGZLGWK$ORDGFHOO LVDWWDFKHGWRWKHHQGRIWKHKDPPHUWRUHFRUGWKHIRUFH,PSDFWKDPPHU
WHVWLQJLVLGHDOIRUVPDOOOLJKWZHLJKWVWUXFWXUHVKRZHYHUDVWKHVL]HRIWKHVWUXFWXUHLQFUHDVHVLVVXHVFDQRFFXUGXH
WRDSRRUVLJQDOWRQRLVHUDWLR7KLVLVFRPPRQRQODUJHFLYLOHQJLQHHULQJVWUXFWXUHV>@
7KHSUREOHPZLWKWKLVPHWKRGLVWKDWDFFHOHURPHWHUVHQVRUVFDQ¶WSLFNXSDOOIUHTXHQFLHVDQGWKHDPSOLWXGHRI
WKHPRYHPHQWLVQRWDOZD\VNQRZQ>@2QO\LQUHFHQW\HDUVYHU\H[SHQVLYHKLJKWHFKDFFHOHURPHWHUVFDQUHVROYH
WKRVHSUREOHPV
0HWKRGXVHG
7KLVSDSHUSUHVHQWVDQDOWHUQDWLYHPHWKRGIRUWHVWLQJWKHULJLGLW\RIODUJHPHFKDQLFDOSDUWVEDVHGRQLPSDFWWHVW
PHWKRGDQGFDSDFLWLYHVHQVRUVQRWDFFHOHURPHWHUVNLQGWRGHWHUPLQHWKHULJLGLW\DQGWKHQDWXUDOIHUYHQF\¶V7KH
SXUSRVH LV WRPHDVXUH FRQWURO DQG LPSURYH WKHVH FKDUDFWHULVWLFV LQ WKH PDQXIDFWXULQJ SURFHVV 7KLV LV GRQH E\
REWDLQLQJDOOUHVRQDQFHVDQGPRGHVLQWKHVSHFWUXPRIQDWXUDOYLEUDWLRQV%\FRPSDULVRQWKHQWKHVWUXFWXUHFDQEH
DGMXVWHGDQGLPSURYHGXQWLODOORIFULWLFDOYDOXHVDUHUHGXFHG>@7KHPDLQDSSOLFDWLRQRIWKLVPHWKRGLVIRUFULWLFDO
KLJK SHUIRUPDQFH SDUWV WKDW PXVW KDYH JRRG VWDWLF ULJLGLW\ $ JRRG H[DPSOH LV VWDWLF ULJLGLW\ RQ IDVW DFFXUDWH
PRGHUQ&1&PDFKLQHWRROEHGVFROXPQVWDEOHVRURWKHUVXSSRUWLQJVWUXFWXUHV>@
7KHHVWDEOLVKPHQWRIWKHPRGHOZLOOSURYLGHDWKHRUHWLFDOIRXQGDWLRQIRUWKHSUHFLVHO\G\QDPLFPRGHOLQJDOORI
WKH&1&0DFKLQH7RRO>@
7KHSURSRVHGPHWKRGUHOLHVRQDVLPLODUSULQFLSOHEXWXVHVDKLJKVHQVLWLYLW\FDSDFLWLYHFRQWDFWVHQVRU7KLVJLYHV
QXPHURXV DGYDQWDJHV VXFK DV YHU\ JRRG PHDVXUH RI VPDOO PRYHPHQWV EHWZHHQ  WR PP DQG ODUJH
IUHTXHQF\UHVSRQVHEHWZHHQWR+]>@
0HWKRGRORJ\RIPHDVXULQJSURFHVV
7KHUHFRPPHQGHGPHWKRGRORJ\RIPHDVXULQJSURFHVVGHVFULEHVDOOWKHDFWLRQWKDWPXVWEHWDNHQIRUWKHSDUWWR
EHLPSURYHG)LJ)LUVWWKHSDUWLVPHDVXUHGDQGGDWDDFTXLUHGRQWKH3&WKUXWKHGHGLFDWHGVRIWZDUH7KHGDWDLV
DQDO\]HGDQGSURFHVVHGE\WKHVRIWZDUH
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$IWHUWKHGHWHUPLQDWLRQRIWKHEHKDYLRURIWKHV\VWHPDSURJQRVLVIRUUHGHVLJQLQJWKHSDUWLVHPLWWHG,IWKHUHDUH
LQVWDELOLWLHVLQWKHPHDVXULQJSURFHVVDGLDJQRVLVLVQHFHVVDU\ZLWKWKHUHFDOLEUDWLRQRIWKHLQVWDOODWLRQ&RPSDUDWLYH
UHVXOWVDUHXVHGIRUDSSURYLQJWKHSDUWRUIRULPSURYHPHQWXQWLODOORISUREOHPDWLFEHKDYLRUVDUHHOLPLQDWHG
)LJ7KHPHWKRGRORJ\RIWKHPHDVXULQJSURFHVV
7KHWHVWLQJLQVWDOODWLRQ
7KHPHWKRGLVWHVWHGRQDFXVWRPGHVLJQHGDQGPDGHLQVWDOODWLRQXVLQJFRQVWDQWKHLJKWVXVSHQGHGVZLQJLPSDFW
SRO\XUHWKDQHWLSKDPPHUDQGYLEUDWLRQFDSDFLWLYHFRQWDFWVHQVRUV)LJD7KHPHDVXUHGSDUWLVDPRGHUQ&1&
PLOOLQJPDFKLQHWRROVSLQGOHFDUULDJH$FODVVLFDO&1&PDFKLQHWRROFHQWHUVSLQGOHPRWRUFDUULHULVWKHFRPSRQHQW
WKDWPRYHVXVXDOO\DORQJ=RU<D[LV,WFDUULHVWKHVSLQGOHPLOOLQJPRWRUZLWKWRROFODPSLQJPHFKDQLVPDQGWRRO
DVVHPEO\>@
7KHULJLGLW\RIWKLVSDUWDIIHFWVWKHTXDOLW\RIPDFKLQHGVXUIDFHWKHGLVWDQFHDQGSRVLWLRQEHWZHHQWKHWRRODQG
ZRUNSLHFHXQGHUWKHFXWWLQJIRUFHV>@VRLW¶VDFULWLFDOKLJKSHUIRUPDQFHSDUWWKDWPXVWEHYHU\ZHOOHQJLQHHUHG
XQGHUVWULFWLPSRVHGZHLJKWVWLIIQHVVDQGYLEUDWLRQGXPSLQJSURSHUWLHV
)LJD7KHPHDVXULQJVWDQGGHVLJQE7KHVKDSHRIWKHFRQFUHWHIRXQGDWLRQVXSSRUW
7KH SDUW LV EROWHG RQ D PP WKLFN FRQFUHWH IRXQGDWLRQ ZDOO )LJ  E FRQVLGHUHG ULJLG 2WKHU PRUH
FRPSOLFDWHGPHWKRGZDVWRIORDWWKHSDUWRQDQRLOFXVKLRQLQJSLOORZWKDWDFWVOLNHDVHSDUDWRUEHWZHHQWKHVXSSRUW
337 Mihai Simon /  Procedia Technology  12 ( 2014 )  334 – 338 
DQGWKHPHDVXUHGSDUWVRWKHSDUWFXGYLEUDWHLQWKHRU\LQDOOGLUHFWLRQDWDOOIUHTXHQFLHV>@7KLVPHWKRGUHTXLUHV
VSHFLDOVXVWDLQRLOSLOORZVDQGVHYHUDOVHQVRUVSODFHGRQWKHIL[FRQVLGHUHGSRVLWLRQRIWKHSDUWDQGVHQVRUVLQWKH
LQWHUHVWDUHDV7KHSURSRVHGPHWKRGXVHVRQO\RQHVHQVRUSODFHGLQDOOLQWHUHVWVXUIDFHVDQGFRQVWUDLQVWKHIL[SDUW
RQDFRQVLGHUHGSHUIHFWULJLGFRQFUHWHZDOO
7KHLPSDFWKDPPHULVPRXQWHGRQDQDUWLFXODWHGDUPIURPWKHVHDOLQJRIWKHURRPDQGFDOLEUDWHGE\NHHSLQJWKH
VDPHSRO\XUHWKDQHWLSGXULQJWHVWVDQGDFRQVWDQWKHLJKWIRUFRPSDUDWLYHVDPHFRQGLWLRQVUHVXOWV>@7KHGLUHFWLRQ
RIWKHLPSDFWWHVWDQGSRVLWLRQRIUHFHLYLQJVHQVRULVPRGLILHGDFFRUGLQJWRWKHQHHGV
7KHVHQVRULVVXVWDLQHGRQDQDUWLFXODWHGDUPVGHYLFH)LJEZLWKSRVVLELOLW\RISUHFLVHSRVLWLRQLQJ7KHGHYLFH
VLWVRQDWULSRGWKDWVWDQGVRQWKHIORRURIWKHURRPDOVRFRQVLGHUHGULJLG)LJD
$IWHULQGXFLQJWKHSHUIHFWXQLWDU\LPSXOVHRQWKHRSSRVHGVLGHZLWKWKHPRVWDPSOLWXGHRIYLEUDWLRQVWKHVHQVRU
UHFHLYHV WKHVWLPXOXVYLD LWV WRXFKLQJSUREH7KH WRXFKLQJSUREHRI WKHVHQVRU LVSRVLWLRQHGDERXWRQHPPWR WKH
VXUIDFHRIWKHSDUW)LJFWRDYRLGGDPDJLQJWKHVHQVRUDQGWKHFRQWDFWLVPDGHWUXHDGXERIPHOWHGEHHVZD[
SODFHGEHWZHHQWKHSDUWVXUIDFHDQGWKHWRXFKLQJSUREH


)LJD7KHWHVWHTXLSPHQWE6HQVRUDQGLPSDFWSRLQWRQWKHWHVWHGSDUWF9LHZRIWKHVHQVRUDQGLWVWRXFKLQJJOXHGSUREH
7KHVLJQDO IURPWKHVHQVRU LVDFTXLUHGE\DVLJQDOSURFHVVLQJ SUHDPSOLILHUER[ WKDWVHQGV WKHGDWD WR WKH3&
'DWDDQDOLV\VDQGSURFHVLQJLVGRQHE\DVSHFLDOL]HGVRIWZDUHWKDWFDQUHFRUGGHILQHWKHSDWHUQIUHTHQF\DQGWKH
DPSOLWXGHRIWKHYLEUDWLRQV
5HVXOWVDQGGLVFXVVLRQV
,QWKLVSDSHUWKHH[HPSOLILFDWLRQLVRQKRUL]RQWDOIURPWKHODWHUDORIVWXGLHGPDFKLQHWRROSDUW$OVRWHVWVZHUH
PDGHRQYHUWLFDODQGIURQWDOVXUIDFHVLQGLUHFWLRQVWKDWXVXDOO\FXWWLQJIRUFHVDSSHDUGXULQJWKHPDFKLQLQJ
7KHREVHUYHGIUHTXHQFLHVDUHXVHGWRREWDLQDGLDJUDPDQGWRLPSURYHWKHPHDVXUHGPHFKDQLFDOSDUWLQRUGHUWR
HOLPLQDWHVKRUWHQXQZDQWHGIUHTXHQF\UHVSRQVHEHKDYLRURUPD[LPL]LQJLWVIUHTXHQF\GXPSLQJUHVSRQVH
2QWKHVSHFLDOL]HGVRIWZDUHLQWHUIDFHWKHVHQVRUVHQVLWLYLW\FDQEHDGMXVWHGDFFRUGLQJWRWKHLPSXOVHIRUFHRIWKH
KDPPHU,WFDQVKRZWKHVHQVRUUHFHLYHGVWLPXOXVLQUHDOWLPHDQGUHFRUGWKHVHLPSXOVHV
6HYHUDO WHVWV LQ WKH VDPH VLWXDWLRQ ZHUH PDGH DQG WKH UHVXOWV DUH VLPLODU 7KLV FRQFOXGH WKDW WKH WHVWV DUH
UHSHDWDEOHDQGWKHUHVXOWFRPSDUDEOH
$IWHUUHFRUGLQJWKHGDWDWKHLQWHUHVWLPSXOVH)LJDLVVHSDUDWHG7KHILOWUDWLRQRIWKHLPSXOVHLVREWDLQHGE\
WKHVRIWZDUH)LJE$IWHUWKDWLWFDQEHDQDO\]HGE\WKHXVHU2QWKHILOWHUHGLPSXOVHZHFDQVHHWKHGXUDWLRQWKH
DPSOLWXGHRIWKHPRYHPHQWDQGWKHIUHTXHQFLHVWKDWDSSHDUGXULQJWKHWHVWV
$EQRUPDOSHDNVVXFKDVVKRZQLQ)LJEDUHGHWHUPLQHGDQGDFWLRQVRIUHGHVLJQLQJWKHSDUWDQGDSSO\LQJWKH
PRGLILFDWLRQVRQWKHUHDOSDUWDUHWDNHQ$IWHUWKLVDFRPSDUDWLYHWHVWFDQEHPDGHWRFRQILUPWKHLPSURYHPHQWVLQ
IUHTXHQF\UHVSRQVHDQGIUHTXHQF\GXPSLQJFKDUDFWHULVWLFVIRUDEHDWHUPRUHULJLGSDUW
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DE
)LJD$FTXLUHGXQSURFHVVHGVLJQDOE)LOWHUHGFXUYDWXUHRIIUHTXHQF\UHVSRQVH
5HIHUHQFHV
>@ (PPDQXLO).XVKQLU0DKHQGUD53DWHO7HUUHQFH06KHHKDQ+DUGLQJH,QF0DWHULDO&RQVLGHUDWLRQVLQ2SWLPL]DWLRQRI0DFKLQH7RRO
6WUXFWXUH3URFHHGLQJVRI,QWHUQDWLRQDO0HFKDQLFDO(QJLQHHULQJ&RQJUHVVDQG([SRVLWLRQ1HZ<RUN
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